Purpose: To determine the accessibility of treatment and the quality of antiepileptic drugs (AEDs) in the Haute Matsiatra district of Madagascar. Methods: Cross-sectional descriptive study and interviews. Samples of 10 units of each available AED were collected, and the active ingredient was quantified by reversed-phase high-performance liquid chromatography (RP-HPLC) with photodiode-array UV detection. The quality of an AED was considered satisfactory if the quantity of active ingredient in each tablet was in the range AE15% of the average value according to the European Pharmacopeia (6th edition, 2008). Results: The area was well served with health infrastructure but rescue facilities were poorly distributed. Available AEDs were all first-generation, and 73% were generic formulations. People with epilepsy (PWE) surveyed consulted traditional healers and most were treated with plants. PWE did not consider themselves sick but believed they were "possessed"; they consulted a doctor only immediately after a seizure, following the advice of traditional healers. The most prescribed AED was phenobarbital, costing between 0.03 and 0.12 US Dollar (US$) per 100 mg. The purchase of full treatment was difficult for 77% of PWE and as a result, 39% took nothing. The quality of AEDs were considered unsatisfactory in 2.8% of cases. Conclusion: The AEDs collected in Haute Matsiatra were globally of good quality. The main limiting elements were a lack of knowledge among PWE that epilepsy is a disease, and the cost of traditional treatments.
Introduction
Epilepsy is a major public health problem in resource-limited settings. In addition to a high prevalence there are also shortages of specialists, of diagnostic equipment and of medicines [1] . As a result, the majority of people with epilepsy (PWE) do not have access to adequate treatment.
In Madagascar, the prevalence of epilepsy is high, about 20.8 per 1000 persons [2, 3] and the treatment gap is approximately 92% [4, 5] . Knowledge and practices relating to the management of epilepsy have improved in recent years, resulting in a more medical interpretation and the use of modern healthcare methods. Behavior and attitudes toward PWE among the general population are inconsistent: the majority of people declare themselves to be tolerant of PWE and believe they should be able to work and get married, but not go out alone or attend school [6] .
The Haute Matsiatra region of Madagascar has no neurology services or brain-imaging centers, but religious camps (as distinct from traditional healers) are very numerous. These characteristics and the lack of studies of the therapeutic management of epilepsy in this region prompted us to conduct our research there.
Although first-generation antiepileptic drugs (AEDs) such as phenobarbital, carbamazepine, phenytoin and sodium valproate predominate, there are accessibility problems in several areas where patients and families must bear the costs, which can be considerable even when drugs are relatively inexpensive [3] . Several authors have reported on the quality of medications in developing countries, but few have studied AEDs [7] [8] [9] .
Here, we describe the accessibility of AEDs and determine their quality in the Fianarantsoa I district with the main assumption that the financial cost of treatment limits its availability to PWE. Consideration will be given to three types of care: modern, traditional, and that delivered in religious camps.
Methods (study area, population, data collection, data analyses)
This cross-sectional observational study was conducted in Fianarantsoa I, one of seven districts in the Haute Matsiatra region of Madagascar. The region has 194 542 inhabitants with a population density of 1309/km 2 . In 2010, there was one doctor there for every 5000 inhabitants [10] . Using a simple random sampling procedure, twenty-three of the fifty neighborhoods were selected for this descriptive study. Care and delivery sources were identified, and interviews conducted with health professionals, traditional healers and leaders of religious camps. PWE, identified by a door-to-door survey completed questionnaires. The study was made possible thanks to heads of neighborhoods who directed us and introduced us to families. The 100 PWE involved were selected regardless of age and drug-taking. PWE who had received prior medical treatment long time ago, had never seen a doctor, or were supported by other therapeutic options, were also considered.
With the approval of the Regional Director of Health, data were collected by four investigators (three doctors and one pharmacist) using standardized questionnaires for PWE and physicians, guides for interviewing traditional healer and/or pre-printed forms for information about drugs. The questionnaires were adhoc questionnaires based on existing stigma scales, or KAP tools in particular EMIC tool [11] . They were translated in local languages and the translation was verified after back-translation and pre-test. The investigators visited the offices of the different health professionals and the homes of PWE. Before each interview, oral consent was obtained. Further information was also used as follow-up in the health register.
All results were coded to maintain the anonymity of each participant, and data were analysed using EpiInfo software. For the descriptive analysis, qualitative variables were expressed as numbers and percentages, and quantitative variables as means. A sample of 10 units of each available AED was collected without any prescription. If the stock was sufficient for more than one month of treatment with the standard dose, the investigator bought 20 units of each AED.
The quality of AEDs was evaluated using standardized pharmaceutical tests (mass uniformity and uniformity of content of active ingredients) according to the recommendations of the European Pharmacopoeia (6th edition, 2008) [12] . The uniformity of mass analysis was used to determine the difference between the mass of each unit and the average mass of the sample. This test was performed on 20 tablets, or 10 if there were no more, which were weighted and the average mass was calculated. When weighed singly, the limits for deviation of individual masses from the average mass were AE10% for tablets with an average mass less than 80 mg, AE7.5% for tablets between 80 and 250 mg and AE5% for tablets more than 250 mg. The test was considered satisfactory if no more than two of the individual masses deviated from the average mass by more than the limits and none deviated by more than twice that percentage limit.
The assay of active ingredient (AI) was determined using highperformance liquid chromatography (HPLC) with an ultraviolet (UV) diode-array detector (DAD) to evaluate uniformity of content. This test was considered to be satisfactory if the AI content of each tablet felt within AE15% of the average amount of AI, according to the criteria recommended by the European Pharmacopoeia. Content uniformity was determined using 10 tablets selected randomly. The lot succeeded the test if the individual content of each unit was between 85% and 115% of the mean. It was not valid if the individual content of more than one unit was not within these limits, or if the content of a single unit was outside the limits of 75-125% of the mean. These requirements are the pharmaceutical technical procedures.
Accessibility was evaluated according to the following criteria: number of different systems and sources of care and support; number of physicians supporting a standard population of PWE; presence of delivery systems; variety and quantity of AEDs available and delivered; percentage of PWE able to travel to a consultation and purchase an AED within a day; and the total monthly cost of treatment.
Results

Mapping facilities and areas of intervention
District Fianarantsoa I consists of 50 districts with 28 health facilities and 10 delivery sources.
The seven boroughs considered were served by one:
-One University Hospital (UH). patients with neuropsychiatric disorders, whom they describe as "possessed by evil spirits", which must be expelled using prayer and exorcism rituals. The camps have fields where patients can work. Religious camps hold an emergency kit containing drugs and when a patient has a seizure decisions are made about the nature and amount of medication to be administered. The three religious camps surveyed were on the outskirts of their districts; two of them run by religious, and a pastor administers the third. -10 outlets for AEDs were delivered by the following: pharmacies, pharmaceutical organizations owned and managed by qualified pharmacists, the pharmacy at the University Hospital run by a religious organization, dispensaries, private bodies controlled by people holding at least the national patent holder of the general education and an illicit market in the city center selling drugs of unknown origins at prices agreed with buyers by haggling.
Socio-demographic characteristics of PWE
We conducted interviews concerning 100 subjects; 56% of PWE were interviewed directly, and in 44% of cases the families responded. Sixty four percent of PWE were dependent on their families. Even though 96% of PWE lived in urban settings, only 40% were working and 15% were married.
Disease onset was before the age of 15 years in 69% of cases. Nine out of ten PWE said they had no source of information about their illness; 84% refuted the idea that epilepsy is a disease that should be hidden. Only 1% was graduate and more than 40% believe in a supernatural origin of the disease.
More than eight out of ten patients procured an AED with a prescription issued at their first consultation, but 7% reported buying an AED without a prescription. Of the 100 PWE interviewed, 46% were convinced of the effectiveness of modern treatments and up to 73% would recommend them to another patient; 20% preferred prayer sessions, and 7% traditional treatments but 91% have herbal treatment. From a financial point of view, 63% of PWE considered medical consultation overpriced, and 67% said the same of modern treatments. More than 20% have no social security or family support and in total, 77% had difficulty affording treatments.
The characteristics of PWE are summarized in Table 1 and a comparison between the PWE and the general population is summarized in Table 2 with the help of demographic and health survey [13] .
Public and private doctors
Although all doctors were aware of the need for long-term treatment of epilepsy, in practice the treatment prescribed covered an average of only seven days. Treatment was continued for two years or more in half the cases and for less than a year in 39% (Table 3) .
The staff in charge of issuing
Nine people responsible for issuing AEDs in various settings were interviewed. Generic first-generation AEDs were the most requested as they were the most accessible in terms of cost. Four types of AEDs were purchased (phenobarbital, phenytoin, carbamazepine, sodium valproate) with the benzodiazepine diazepam when available.
For delivery structures, 62% of the managers had no qualifications, 24% were graduate pharmacists, 9.5% were trained to be managers, and 4.5% were allied health professionals. Nearly 90% of dispensers reported that phenobarbital was the most requested, 33% that benzodiazepines were occasionally issued. Sodium valproate and phenytoin were rarely issued, and other AEDs never.
All suppliers, including pharmacies, required a prescription and 9.5% replaced the AED with another when patients could not afford the first. Duration varied, but most patients were given enough AED for one week to one month.
Traditional healers
Traditional healers claimed to be fully informed about epilepsy, as well as being trained in its care by their fathers. They all practiced in towns. Two out of three believed that the disease is both a form of possession and a divine punishment. They locate the disease at the heart mainly due to affective disorders occurring on an individual possessed. The brain and the body react by producing tremors and abnormal movements affecting the entire limbs and 
Religious camps
The pastor reported believing that epilepsy is an organic disease that weakens the spiritual condition of the patient. All said it was caused by demonic possession. A total of 89% of PWE were sent to religious camps by their families, 11% were sent by the church; 71% of PWE in camps were believers. The number of patients cared for in the camps varied between 35 and 40 per month. Six out of ten patients were resident in the camps, accompanied by a family member, and four in ten went only occasionally.
Camp officials conducted prayers and exorcisms to "cure demonic possession". Only one of them restricted food or lifestyle. Officials said they sent patients to the private health center when necessary.
Antiepileptic drugs
Twenty units of each available molecule were bought. At the time of purchase, the average expiration period was 18.6 months, with a range from 30 days to 46 months.
AEDs purchased from the illicit market were very close to the expiry date, were not presented in boxes and had no instructions.
In total, 41 samples were acquired: 27% were phenobarbital, 27% carbamazepine, 7% sodium valproate, 5% phenytoin, and 34% diazepam. All samples were tablets of first-generation AEDs. Considering all types of AEDs combined, 32% came from China, 27% from India, 24% from France, 5% from Madagascar, and 2.5% each from Italy and Egypt. Their origin could not be determined in 7% of cases.
Regarding the availability of AEDs in Haute Matsiatra, carbamazepine and diazepam were the most commonly supplied agents from 91% of sources, followed by phenobarbital. Phenytoin and sodium valproate were not available from 17% of the sources, and were available exclusively from pharmacies. Overall, pharmacies had a wide variety of AEDs, and at least one provided all AEDs found. Other structures such as the hospital, the deposit of drugs and the illicit market, had only three on seven AEDs.
Costs
The cost of medical consultations ranged from US$ 1.71 with general practitioners to US$ 5.13 with specialists, who were available only in the capital. For PWE seeking access to specialists, we must add the cost of transportation (US$ 13.67 per person round trip) and accommodation (at least US$ 2.73 per night) and the cost of such additional examinations as brain imaging (scanner US$ 102.55).
Unit prices varied from US$ 0.01 to US$ 0.11 for generic and US$ 0.11 to US$ 0.50 for brand drugs. Comparing the prices for all AEDs, the pharmacy of the University Hospital was the less expensive. However, inpatients were the only beneficiaries (Table 6) . Phenobarbital, the most accessible of the AEDs, was sold at price between US$ 0.03 and US$ 0.12 for the 100 mg dosage unit. The monthly cost of treatment for PWE taking only phenobarbital ranged from US$ 1.03 to US$ 3.74.
Quality of antiepileptic drugs
Regarding uniformity of mass, of the 41 samples collected, four were not satisfactory (Table 4) ; of those four, two samples of phenobarbital were purchased at a pharmacy, one made in Madagascar and another from an unknown place of manufacture. The other two samples were sold on illegal markets (AED based carbamazepine was made in China and the one based diazepam was made in Egypt).
Regarding the uniformity of the active ingredient, three molecules represented 88% of the total samples: diazepam (39% of the total), carbamazepine (30.5%) and phenobarbital (30.5%); up to 83% of the total were generics.
Assay of 10 units of each medication (Table 5) , led to the conclusion that the samples of carbamazepine passed the test for uniformity of content. One of eight samples of phenobarbital collected from pharmacies has exceeded the limits of AE15% of the average content. The sampling and assay of 20 other units recommended by the European Pharmacopoeia to confirm or disprove this result could not be made because of the lack of sufficient quantities. This sample produced in Madagascar was considered unsatisfactory. All other samples were satisfactory.
All diazepam samples passed the test for uniformity of content.
Discussion
This study identified a large number of barriers to effective treatments at patient and health system levels. The area was well served with health infrastructures but rescue facilities were poorly distributed. Problems at patient level were mainly due to beliefs related to epilepsy and financial difficulties. The study also focused on the quality of AEDs and have reported a good results of analysis concerning this point.
With regard to recruitment of PWE, no cases were confirmed by a neurologist, potentially leading to an information bias. To minimize this risk, families were questioned in detail about seizures, their characteristics and their frequencies. This was helped as well by the consultation booklet containing all AEDs prescribed by doctors. In addition, an information bias was induced by the fact that 44% of interviews were done with relatives instead of patients, when the latter were children, suffering from dementia, or otherwise unable to respond adequately. PWE included in our study had a higher mean age than the general population, perhaps because children are less easily diagnosed especially in rural area where we found only 4% of PWE. Only 15% of PWE are married as opposed to 59% in the general population, which supposed that the disease is a major impediment to the wedding in the country.
Health infrastructures in the area were well distributed, each district had at least one delivery structure. However, most of them are concentrated in the first and second district, so they was inequalities in the distribution of delivery structures that might reduce the availability of AEDs for PWE residing in remote districts. Table 5 Content uniformity of samples.
Place of issue
Manufacturing country Average content mg/t: m (cv) Number of tablets Results In 2001, Simonet described the same phenomenon in a study in northern Vietnam [14] . This is consistent with a 2003 report stating that the nearest infrastructure was less than 5 km away for 95% of the population of Fianarantsoa I [15] . Similarly, 8% of patients interviewed said that the pharmacy was far from their home. In general, we can conclude that health infrastructures coverage is not a limiting factor on support in the Fianarantsoa I District. However, all the health facilities are severely underequipped and cannot satisfy the basic health needs of the local population.
The absence of an exemption or reimbursement of health care costs is also a limiting factor. A number of households are obliged to spend a lot of money to access care, including hospitalisation, or must forego treatment because the cost is too high [16] .
Phenobarbital is the first choice molecule of private and public doctors. Carbamazepine is prescribed as a second line drug either alone or sometimes in combination. It should be noted that there is no consistency between the duration of treatment prescribed by an average of 10 days, and the knowledge of doctors to the need for long-term treatment.
Many doctors do not know about AEDs other than phenobarbital, carbamazepine and diazepam. In order to be efficiently and sustainably, the improvement of access to information among doctors will requires the implementation of a network organization [17] .
In this study, 55% of PWE had not returned to the doctor for follow-up, however pharmacies continue to be supplied with AEDs. A previous study conducted in Cameroon also observed an inconsistency between the scarcity of medical consultations and frequent delivery of AED by pharmacist [18] . In fact there was not strict equation between the rates of prescription and the supply of AEDs. Although some AEDs were never prescribed, they continued to be delivered frequently by the dispensing pharmacies. An explanation could be self-treatment.
AEDs used in the study area were mainly generics (73%), and mostly made in China, India and Madagascar. Several authors suggest that the treatment gap is often due to the unavailability of AEDs [19, 20] , but this does not seemed to be the case in the District of Fianarantsoa I.
All personnel dispensing AEDs said that a prescription was required, but in practice it was easy to obtain samples without one. It is really important to improve the treatment skills of AED providers, like in Kenya where there is a national epilepsy management guideline that help standardise this and improve correct prescribing. Kenya is one of few African countries that developed epilepsy guidelines in 2014, which are now deployed countrywide [21] .
Concerning the quality of the drugs, regarding uniformity of content of the AI compared with the mean, only 36 (2.8%) were not satisfactory (locally made generic phenobarbital). The AI was not determined in five samples due to technical issues, the quality was considered good on the basis of the test of mass uniformity. It therefore seems that the AEDs available from different sources in Fianarantsoa District I in Haute Matsiatra, Madagascar were generally of good quality.
The minimum wage in Madagascar is 100 000 Ar (31 US$) [22] . The monthly salary of a householder does not therefore cover the extra cost (10% of salary) required for long-term treatment if one member of the family has epilepsy. After investigation, we found that modern medicine was too expensive for 67% of PWE, and traditional medicine coexisted with regular consultations to healers for monitoring and for episodic consultation with doctors at the onset of seizures.
Financial accessibility seemed the most serious problem, as 77% of PWE were struggling to obtain full treatment, and 39% were receiving no antiepileptic treatment for that reason. In 13 epidemiological surveys carried out in 12 African countries between 1994 and 2004 and involving 2269 PWE, the treatment gap was estimated at 30.6% [23] and a recent review of the WHO suggest that the treatment gap is 50-75% [24] .
The deficit that we found when interviewing PWE in the District of Fianarantsoa I was 39%. Moreover, the treatment gap across Madagascar as determined by the indirect method of the International League Against Epilepsy [25] , taking particular account of AED sales, was 92% [4] . The lower treatment gap found in our study may be explain by the well distribution of health infrastructure in the area Also, other assessments using direct methods are needed to improve the reliability of results.
Patients surveyed were not particularly sensitive to the effectiveness of treatment and 91% were taking herbal treatment. This results are in agreement with previous studies, such as in Tanzania, where 44.3% of patients believe that epilepsy can be treated by traditional medicine and 34.1 through prayer [26] . This also confirms the finding of previous studies that between 25% and 75% of PWE do not adhere to their antiepileptic treatment [27, 28] .
They also wanted a state subsidy of their care, as is it the case for various communicable diseases such as tuberculosis or hepatitis when patients receive free treatments.
Information campaigns and education of the population in the fight against stigma and cultural representation of epilepsy via mass media and community awareness campaign should be conducted.
All doctors who support PWE in the District of Fianarantsoa I were generalists. Only one health center base was led by a health professional, a midwife who looked after consultations in all disciplines. Services therefore lack professionals competent in the management of epilepsy. The training of primary health workers and general practitioners in epilepsy should be a priority.
Conclusion
This study described the accessibility of antiepileptic drugs in the District of Fianarantsoa I in Madagascar's Haute Matsiatra Region. Regarding availability, the situation seemed relatively favorable as almost all first-generation AEDs recommended by WHO for developing countries were on the market. They were generally of good quality in terms of uniformity of mass and content of AI. In terms of access to care, the major barrier was financial difficulty associated with the belief that epilepsy is evil. Geographic accessibility was not a problem because patients lived relatively close to care and delivery facilities.
At the end of our study, our hypothesis was confirmed by the existence of other therapeutic options at a lower cost that influences the accessibility of AEDs for PWE. To remedy this, several efforts should be made to reduce the treatment gap.
Progress are also necessary in the chain of events that lead to the provision of quality AED: for the requirements for marketing authorization by the Malagasy Medicines Agency for products issued in the territory, by implemented in Region decentralized of a relay National Control Laboratory, for structures under the regulations of import, distribution and dispensing of medications.
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